IMPORTANCE Melanoma in situ (MIS) is increasing in incidence, and expert consensus opinion recommends surgical excision for therapeutic management. Currently, wide local excision (WLE) is the standard of care. However, Mohs micrographic surgery (MMS) is now used to treat a growing subset of individuals with MIS. During MMS, unlike WLE, the entire cutaneous surgical margin is evaluated intraoperatively for tumor cells. 2008 (1986-2013) for the MMS group vs 2003MMS group vs (1978MMS group vs -2013 for the WLE group (P < .001). Overall recurrence rates were 5 (1.8%) in the MMS group and 22 (5.7%) in the WLE group (P = .07). Mean (SD) time to recurrence after MMS was 3.91 (4.4) years, and after WLE, 4.45 (2.7) years (P = .73). The 5-year recurrence rate was 1.1% in the MMS group and 4.1% in the WLE group (P = .07). For WLE-treated tumors, the surgical margin taken was greater for tumors that recurred compared with tumors that did not recur (P = .003). Five-year overall survival for MMS was 92% and for WLE was 94% (P = .28). Melanoma-specific mortality for the MMS group was 2 vs 13 patients for the WLE group, with mean (SD) survival of 6.5 (4.8) and 6.1 (0.8) years, respectively (P = .77).
2,3
However, only 1 randomized clinical trial for MIS treatment has been reported, which only assessed topical therapies. 4 The current standard of care recommended by expert panels 5, 6 is wide local excision (WLE), in which the tumor is excised with a standard margin of clinically uninvolved skin, and a small proportion of the surgical margin is examined histopathologically. Due to the challenges in clearing MIS, 7, 8 the recommendations for WLE margins were increased in 2014 from 0.5 cm to between 0.5 and 1.0 cm, 9 and the usefulness of alternative surgical techniques enabling complete assessment of the entire cutaneous surgical margin, such as Mohs micrographic surgery (MMS), in which the margin is examined intraoperatively by staining frozen sections, has become increasingly recognized. 10, 11 While the use of MMS for MIS has increased in recent years, almost all lesions (90%) are treated with WLE. 10 Mohs micrographic surgery as a technique may be better suited for the removal of ill-defined skin cancers such as MIS on sun-damaged skin, which make up approximately 80% of all MIS 12 ;ho wever, there is a concern regarding the perceived lack of reliability in detecting atypical melanocytes in MMS frozen sections, and potential resultant litigation. 13 Furthermore, surgeons may not be aware of the growing body of data from case reports and case series supporting MMS as an acceptable alternative to WLE, especially in areas with anatomic functional and cosmetic significance. Because to our knowledge, no study to date has compared outcomes after the 2 procedures, data comparing MMS with WLE for MIS would be valuable to help inform treatment decisions for general and procedural dermatologists, oncologists, and oncological surgeons. In this study, we assessed clinical outcomes for MIS treated with MMS vs WLE.
Methods

Design and Setting
A prospective, single-institution, multidisciplinary database of patients with cancer was retrospectively reviewed. A total of 2999 patients with primary melanoma treated by either WLE or MMS were identified (Figure) . Cases were identified through pathology report review, supplemented with discharge summary review of melanoma billing case lists. Data extraction was performed by a certified tumor registrar in accordance with the American College of Surgeons, Commission on Cancer per Facility Oncology Registry Data Standards Manual. Patients who had a biopsy demonstrating MIS, followed by MMS (277 patients) or WLE (385), were included. Patients with invasive disease or multiple melanoma were excluded. Follow-up was performed once every 12 to 15 months from date of last contact, in this order: medical record review, letter to referring physician (including those outside our institution), letter to patient, letter to relative. The study was approved by the Institutional Review Board, University of California, San Francisco. Informed consent was waived due to the retrospective nature of the study.
Measures
Outcomes were recurrence, overall survival, and melanomaspecific survival. Recurrence was defined as follows: after a disease-free period, clinical and/or pathologic evidence of melanoma recurrence, which was not stated to be a new primary melanoma, at a body location identical to that of the primary tumor. The date of recurrence was the date of biopsy of the recurrent lesion. Recurrences were identified by medical record review and letters to physicians and patients. Physicians were asked to indicate "new areas of recurrence and/or metastasis since diagnosis: (date and site)". Patients were asked, "Have you had any further treatment for the condition for which you were treated?" Two dermatologists reviewed the medical records of patients with missing data and added recurrence information when available. Survival was determined by tracking deaths through notification by family, by patients' physicians, or from state registry of death certificate files, Department of Motor Vehicles registration, or voter registration. Before 2001, the Social Security death index was used to confirm deaths not provided by direct death certificate match, and from 2001 onward, an Internet obituary search was performed to confirm any report of death other than from the state registry.
Surgery
Mohs micrographic surgery, vs WLE, was chosen to try to minimize margins and/or ensure clear margins before complex closure was performed. If a lesion was relatively large, especially on the face, then it was more likely that a flap or graft would be required, and MMS was selected as the excision modality. For MMS, borders were delineated using a UVA light (Wood lamp) and a 5-mm margin was drawn around the tumor, less in areas of high cosmetic or functional significance or if the tumor was very small and well defined. The tumor was then debulked with a 3-mm margin and sent for permanent sectioning to assess for an invasive component. Next, a first Mohs stage was removed with a 2-mm margin and processed for intraoperative frozen section examination; immunohistochemical analysis was not used. Margins were considered positive if clusters of atypical melanocytes, and not just single melanocytes, were identified, using hematoxylin-eosin staining. 14 The presence of melanocytes above the dermoepidermal junction, and crowded melanocytes along the stratum basale and 
Statistical Analysis
Continuous variables were described using means and standard deviations, and proportions were calculated for categorical variables. We compared characteristics of patients receiving MMS or WLE procedures using either the Mann-Whitney test or χ 2 test as appropriate. Kaplan-Meier curves were used to examine time to recurrence and time to death. Groups were compared using the log rank test. Both traditional and propensity-adjusted Cox proportional hazard regression models were used to estimate hazard ratios for both mortality and recurrence comparing the MMS and WLE groups. Because the number of events for the recurrence outcome was low, we used propensity-adjusted Cox models to enable us to control for the full set of possible confounding variables. We developed a model for the probability of MMS and then controlled for that probability in the Cox models. Based on review of the literature, [16] [17] [18] the following potential predictors were considered: age at diagnosis, sex, anatomic site (head and neck or other), race, tumor diameter, and year of diagnosis. Diameter was only available for 181 tumors (27.3%), so this variable was not included in the primary propensity model. Logistic regression was used to estimate the probability (propensity score) of receiving MMS for each person conditional on the aforementioned predictors. The quintiles of the estimated propensity score were used to create a categorical variable, which was used as a predictor in the subsequent Cox models. Results for the traditional and propensity-adjusted Cox models for mortality were similar, so we present only the results of the propensity-adjusted Cox models for both outcomes.
Tumor diameter is an important factor in determining whether WLE or MMS is used; an additional propensityadjusted Cox model was run for the subgroup of patients with tumor diameter measurements. A propensity score for MMS, which included tumor diameter in addition to the predictors used previously, was constructed, and a quintile version of the score was used as a predictor in the Cox model for death. The propensity-adjusted Cox model for recurrence was not run because only 2 patients had a recurrence.
In the recurrence models, patients were censored for date of last contact (mean dates were November 8, 2013, for MMS and December 10, 2012, for WLE) or death. In the mortality models, patients were censored for end of follow-up. Adjusted melanoma-specific survival could not be ascertained due to the small number of cases. Analyses were run using SAS, version 9.4.
Results
Patient and Tumor Characteristics
Six hundred sixty-two eligible patients with primary MIS were identified; 385 (58.2%) patients were treated with WLE and 277 (41.8%) were treated with MMS. The median follow-up interval for the entire cohort was 8.6 years (range, 0.2-37 years).
There was no statistically significant difference in the sex, race, or clinically assessed tumor diameter ( Table 1) . In both groups, the individuals were predominantly white men; for tumors with size measurements, mean (SD) tumor diameter was 1.8 (1.5) cm for tumors treated with MMS and 1.6 (1.1) cm for tumors treated with WLE (P = .21). The 2 treatment groups differed significantly in age at diagnosis, anatomic site of procedure, and year of diagnosis. Patients treated with MMS were typically older than those treated by WLE (mean [SD] age, 64.0 [13.1] and 58.5 [15.6] years, respectively; P < .001). Both procedures were performed on a wide variety of anatomical sites and the use of the procedures varied by site (P < .001): as expected, MMS was used more frequently on the face and scalp/neck while WLE was used more often on the trunk and extremities. The majority of the MISs in our cohort were found on the head and neck (62% of all MIS). 
Tumor Recurrence
Twenty-seven tumors recurred: 22 of the 385 WLE patients had a recurrence (5.7%) whereas only 5 of the 277 MMS patients had a recurrence (1.8%). For tumors treated by MMS, the calculated 5-, 10-, and 15-year recurrence rates were 1.1% (95% CI, 0.4%-3.4%), 1.8% (95% CI, 0.7%-5.1%), and 5.0% (95% CI, 1.4%-17.3%), respectively ( Table 2 ). For tumors treated by WLE, the 5-, 10-, and 15-year recurrence rates were 4.1% (95% CI, 2.5%-6.8%), 6.8% (95% CI, 4.4%-10.2%), and 7.3% (95% CI, 4.8%-11.0%), respectively (P = .07).
Mean (SD) time for recurrence after MMS procedure was 3.91 (4.4) years and after WLE was 4.45 (2.7) years (P = .73) ( Table 4 ). The results for survival and recurrences with and without the propensity analysis were similar (data not shown).
Two patients (0.7%) died of melanoma in the MMS group and 13 (3.4%) in the WLE group (Table 1) . Mean (SD) time to death due to melanoma was 6.5 (4.8) years for individuals treated with MMS and 6.1 (0.8) years for WLE (P = .77) ( Table 1) . Unadjusted melanoma-specific survival (Table 4) was nonsignificantly better for MMS-treated compared with WLEtreated patients (HR, 0.80; 95% CI, 0.17-3.80). Adjusted melanoma-specific survival could not be ascertained due to the small number of events.
Survival and recurrence outcomes were also analyzed using only cases treated between 1996 and 2013, an interval when MMS was more commonly used, and no significant difference in outcomes was found vs 1978 through 2013 (data not shown).
Discussion
To our knowledge, this is the first study to directly compare the outcomes for MIS treated with WLE vs MMS. We found that the 5-, 10-, and 15-year recurrence rates of MIS treated with MMS were not different than for WLE, the currently widely accepted and preferred mode of therapy. Patients who underwent MMS had similar outcomes by several measures compared with those who underwent WLE: rate of recurrence, mean time to all-cause and melanoma-specific death, overall survival, and melanoma-specific survival.
Prior studies assessing outcomes for MIS treated with either MMS or WLE, without direct comparison of the 2 modalities, reported recurrence rates between 0% and 6% for MMS and somewhat higher rates of 6% to 20% for WLE 19, 20 ; other studies were limited by low patient numbers and short follow-up times, or focused only on the subset of MIS occurring on sundamaged skin (also known as lentigo maligna). 7, 14, [20] [21] [22] [23] [24] [25] [26] [27] Our study is notable for its larger cohort size and lengthier follow-up Their results were similar to ours reported here, with overall recurrence rates, over the course of their study, of 1.9% for lentigo maligna treated with MMS vs 5.9% for those treated with WLE; their reported calculated rates for 5-, 10-, and 15-year recurrence-free survival were also comparable to ours. There is some variability to the Mohs technique, for example, in the intraoperative tissue-staining techniques as well as the width of the debulking and staging margins taken. Barriers to wide-spread acceptance of MMS as an effective treatment for MIS include the perceived limited reliability of detecting atypical melanocytes on frozen section and the need for immunohistochemical stains. 8 A notable difference in our surgical approach compared to that of Hou et al 20 is that they elected to use intraoperative immunohistochemistry in 37% of cases treated with MMS. For our cohort, immunohistochemical stains were not used. In our experience, hematoxylineosin does not limit the identification of atypical melanocytes and this technique has previously been shown to be reliable. 28 Furthermore, the use of immunostains may result in unnecessary extension of margins due to the presence of melanocytic hyperplasia in sun-damaged skin, rather than biologically active tumor cells. 19 The validity of our technique is supported by the low recurrence rates for MIS treated with MMS in our cohort; similarly low recurrence rates have been reported for cohorts in which immunostains were not used at all or were not used uniformly. 7, 20, 25 Whereas it is possible that detection of atypical melanocytes is simpler with the use of immunostains, it does not seem to change outcomes. Several studies have shown that the formerly recommended 0.5-cm surgical margins for removal of MIS were inadequate for clearing a substantial proportion of MIS. 7, 29, 30 Because of this, recently the National Comprehensive Cancer Network recommendations for margins for MIS were increased to 0.5 to 1.0 cm in 2014, in particular for sun-damaged skin 6,9 such as on the head and neck. In our approach to MMS, a 5-mm margin is usually taken and includes the margin taken for the debulking specimen and the first stage. There are cases in which a smaller initial margin is taken, such as for lesions on the ear, lip, eyelid, or nasal ala. In these anatomically sensitive areas, achieving the recommended 1-cm margins can cause significant functional and cosmetic impairment and surgical approaches offering complete cutaneous margin assessment, such as MMS, offer the potential for tissue preservation while clearing margins, which is also desirable before complex wound repair is undertaken.
Similar to other reports, our surgical technique begins with a Wood lamp (UVA light) examination to define the tumor borders; this step is important for highlighting the extent of pigmented lesions. When MMS is performed, the initial debulking specimen is fixed in formalin and processed for permanent sectioning to assess for an invasive component. This step has been shown to result in upstaging of the tumor in more than 8% of the cases. 15 
Limitations
Limitations of our study include nonrandomization of patient selection for our treatment groups and limitation of the accuracy of detection of recurrence due to the unknown response rate to the letters sent to physicians and patients. In addition, because the use rate for MMS over the course of the study only increased to match or surpass the rate of use of WLE in 2004 (due to shifting outside physician referral preferences for specific procedures), as reflected in the median year of diagnosis, the mean follow-up interval for MMS-treated patients was shorter. Furthermore, the suggestion of improved melanomaspecific survival for those treated with MMS might be attributed to the fact that most MMS is performed on lesions occurring on the head and neck, where MIS frequently occurs on sundamaged skin, and perhaps the behavior of these MIS lesions differ from those of lesions occurring elsewhere. The overall number of recurrences and deaths here was low, and a larger study will be needed to demonstrate significant differences in outcomes, or to establish equivalence. Finally, the WLEs were performed with the formerly recommended guidelines for smaller surgical margins for MIS; as the new guidelines for a wider margin are adopted, it may be that patients undergoing WLE may have more favorable outcomes in the future. However, the majority of MISs occur on the head and neck, and this location favors referral for MMS; anatomic considerations may continue to limit the use of the full 1-cm margins.
To date, no randomized clinical trials comparing surgical management of MIS have been performed, 4 even though MMS has been in use for this purpose since 1950. 31 Current consensus expert opinion guidelines recommend consideration of MMS for MIS, particularly on sun-damaged sites, 6 as do the appropriate use guidelines for MMS. 11 Whereas MMS is used by procedural dermatologists and plastic surgeons for skin cancer removal, 32 the use of MMS for MIS has yet to gain widespread acceptance by medical and surgical oncologists, likely because reports on MMS use have been primarily limited to dermatology journals. b Adjusted melanoma-specific survival was not calculated due to small number of events.
